1. Introduction {#sec1}
===============

It is well established that excessive sedentary time, independent of too little exercise, leads to a number of negative health outcomes \[[@B1]--[@B8]\]. Collectively, leisure-time screen behaviors, such as television (TV), videos, DVDs, video games, and computers, have been associated with increased inactivity \[[@B9]\] and metabolic risk factors \[[@B10]\]. Children are accumulating a considerable amount of sedentary screen time, particularly TV viewing \[[@B11]--[@B13]\], and some are not getting adequate amounts of physical activity in their leisure time \[[@B14]\]. For children and adolescents, overweight and obesity have been linked to sedentary leisure-time activities \[[@B15]--[@B18]\].

Obesity levels in children and adolescents (aged 6 through 19 years) have tripled over the past 35 years \[[@B19]\]. Thirty-one percent of American children are overweight or obese (as defined as being at or above the 85th percentile for body mass index (BMI) based on the Centers for Disease Control and Prevention Growth Charts) \[[@B20]\]. Strategies for decreasing the current rate of childhood obesity are needed due to the physiological and psychological health risks associated with childhood obesity \[[@B21]\]. Because childhood obesity tracks into adulthood \[[@B22]\], these health risks have the potential to be present for a lifetime.

This rise in childhood obesity has been associated with reduced levels of physical activity (energy expenditure), increased consumption of food (energy intake), or both \[[@B13], [@B14], [@B23], [@B24]\]. Sedentary screen behaviors, especially TV watching, are hypothesized to contribute to weight gain by reducing opportunities for energy expenditure and increasing energy intake \[[@B25]--[@B27]\]. Time spent engaging in TV watching can compete with time spent in other activities that require greater amounts of energy \[[@B18], [@B28], [@B29]\]. Also, TV watching is often coupled with unhealthy eating behaviors (e.g., increased consumption of soft drinks, fried foods, and snacks) due to influential environmental cues such as food and beverage commercials and easy access to food \[[@B25], [@B30]--[@B32]\]. Thus, sedentary screen behaviors may influence both sides of the energy balance equation.

Partially due to the negative health effects of sedentary screen media, the American Academy of Pediatrics recommends limiting children\'s total entertainment media time to less than 2 h/day \[[@B33]\]. According to recent Kaiser Family Foundation data, the average child or adolescent (8--18 years) spends an average of nearly 7 h/day using screen-based media (i.e., TV, movies, videogames, computer), \[[@B12]\] with more than half of that time spent watching TV \[[@B12], [@B13]\]. TV watching is the most prominent leisure-time activity \[[@B34]--[@B36]\]. In 2009, among children aged 8--18 years, TV viewing time averaged 4.5 h/day \[[@B12]\]. Based on the results from the 2001--2006 National Health and Nutrition Examination Survey, 47% of children aged 2 to 15 years spent 2 or more h/day using screen-based media, and 33% of children engaged in TV/video viewing alone for 2 or more h/day \[[@B13]\]. Secondary school-aged boys averaged more TV on weekend days than weekdays \[[@B34]\]. Children in primary school spend 2 to 4.5 h/day watching TV, and preschool children spend 2 to 2.5 h/day watching TV \[[@B37]--[@B39]\]. Childhood TV viewing habits have been associated with overweight, poor fitness, smoking, and high cholesterol levels in adulthood \[[@B40]\], and several studies have found that sedentary screen behaviors track more strongly from childhood to adulthood than physical activity \[[@B41]--[@B43]\].

The prevalence of media in children\'s lives and its association with obesity have prompted research on methods to reduce media consumption in children. Attempts to change leisure-time behaviors in children/adolescents have taken two primary avenues: (1) increasing physical activity, and (2) reducing sedentary screen behaviors (TV/video watching, video/computer games, and computer use, etc.). Both behaviors can affect energy balance, but reducing sedentary screen behaviors may be easier to accomplish \[[@B44]\]. Sedentary behaviors, like other behaviors, are shaped by the interaction of many individual factors within the broader social and environmental contexts \[[@B45]\]. Therefore, behavior change interventions that are theoretically based may prove more effective than atheoretical approaches \[[@B46], [@B47]\].

The results from several studies in children suggest that reducing sedentary screen time alone, or as part of a more comprehensive program, may be a promising strategy for preventing and treating obesity \[[@B48]--[@B50]\]. Information on different methods of reducing sedentary behaviors can help in the design of more effective interventions in this growing field of research.

Thus, the purpose of this paper is to review randomized controlled trials that have incorporated strategies for reducing sedentary behaviors in children aged 0 to18 years. This paper examines the specific behavior modification strategies used and documents the frequency of their use in randomized controlled trials targeting a reduction in sedentary screen behaviors. We separate studies into those that focused specifically on reducing sedentary behaviors and those that focused on changing multiple health behaviors, including reducing sedentary screen behaviors. The theoretical background of the strategies used for behavior change is also listed. The different measures (self-report or electronic) used to assess sedentary behavior are highlighted. Finally, recommendations are provided regarding the types of interventions that appear to be most effective in reducing sedentary screen behaviors.

2. Methods {#sec2}
==========

2.1. Study Criteria {#sec2.1}
-------------------

This systematic review identified studies that attempted to reduce sedentary behaviors in children (1 to 12 years of age). The initial search\'s age range was 0 to 18 years, but no studies were identified with children outside the 1- to 12-year-old age range. Only trials intended to reduce sedentary screen behaviors were included in this paper. Studies that did not describe group assignment strategies were considered to be nonrandom in assignment and thus excluded from this paper.

For inclusion in the paper, randomized controlled trials were required to have a clear focus on reducing sedentary screen behaviors, particularly TV watching, and this reduction in sedentary screen behaviors had to be one of the reported outcomes of interest. While some studies specifically targeted TV viewing, other studies targeted TV viewing as part of reducing multiple sedentary screen behaviors. In some studies, the reduction in sedentary screen behavior was the primary objective, while in others it was measured as a secondary aim, with changes in body weight or BMI as the primary aim. Multiple behavior interventions that included reductions in sedentary behavior in addition to other modalities (diet and exercise) were also eligible for inclusion in this paper. This paper separated findings based on whether the intervention focused only on reducing sedentary screen behaviors or whether it focused on multiple health behaviors, including sedentary screen behaviors. Because the strategies and targets may be different for younger versus older children, study findings were presented by age in the Tables.

2.2. Search Strategy {#sec2.2}
--------------------

A search was conducted using the PubMed database. We used a combination of Medical Subject Headings (MeSH) and keywords. MeSH selections included such terms as *Television, Motor Activity, Health Promotion/methods, Overweight/prevention and control, Overweight/rehabilitation, Overweight/therapy, Behavior Therapy, Overweight, Time Factors, Television/utilization*. Keywords included *sedentary*, *screen time, television viewing*, *and television watching* in combination with such keywords as *reduce, reduction, and limit*. Results were limited to randomized controlled trials from 1985 to 2010, for children/adolescents aged 0--18 years, and articles written in English only. One independent reviewer (J. A. Steeves) screened the titles and abstracts of all studies identified by the PubMed search to determine potentially relevant studies. In the initial step of screening, he excluded studies that did not have a reduction of sedentary screen behaviors intervention component or that did not report changes in sedentary screen behaviors as an outcome variable. Examples of the types of studies excluded during this initial step included the following: studies that were secondary data analysis; cross-sectional studies examining the relationship between TV viewing and eating behaviors, activity behaviors, other behaviors, or disease states; studies evaluating commercial weight-loss programs that did not involve a sedentary screen behavior reduction component; laboratory-based studies; prevalence of sedentary screen behaviors use studies. Following the initial screening process, selected articles were reviewed by J. A. Steeves. Full text articles that met all inclusion criteria were included in the paper.

3. Results {#sec3}
==========

3.1. Identified Studies {#sec3.1}
-----------------------

The preliminary search of PubMed identified 45 citations, and of those, 31 abstracts were selected and reviewed. Twenty-two abstracts met the inclusion criteria and full manuscripts were examined in further detail. Upon full article review, five articles were removed for the following reasons: not primary data collection (secondary data analysis, program review) (*n* = 2); intervention did not involve a sedentary behavior reduction (*n* = 2); not reporting baseline or changes in sedentary behaviors (*n* = 1). See [Figure 1](#fig1){ref-type="fig"} for complete rationale of exclusion. Of the initial 45 citations, 17 articles met all study criteria. One additional article, not discovered in the initial search, was added to the final selection from the citations of selected articles. A total of 18 were included for review. All studies were published between 1999 and 2010 in refereed journals. Depending on the study, sedentary screen behaviors could include: recreational screen time, TV, DVD, VHS, video games, computer games, or internet. Sedentary screen behaviors did not include educational activities such as reading or doing homework on the computer.

The 18 studies included in this systematic review measured comparable outcomes with varying methodologies. Tables [1](#tab1){ref-type="table"} and [2](#tab2){ref-type="table"} summarize the characteristics of studies that only focused on sedentary screen behaviors and studies that focused on changing multiple behaviors, respectively. Tables [3](#tab3){ref-type="table"} and [4](#tab4){ref-type="table"} summarize the changes in sedentary screen behaviors in those interventions that only targeted sedentary screen behaviors and those interventions that focused on changing multiple behaviors, respectively. Each of the tables separates the studies by the types of strategies used to change sedentary screen behaviors and then organizes studies in ascending order based upon the age of the participants, with studies with the youngest participants listed first. Tables [1](#tab1){ref-type="table"} and [2](#tab2){ref-type="table"} include a summary of each study documenting sample size, age, gender, location of delivery, primary target(s) of intervention delivery, duration, treatment groups, targeted behaviors and goals associated with reducing sedentary screen behaviors, theoretical perspective and strategies to reduce sedentary screen behaviors, and the method of measurement of the sedentary screen behaviors. Tables [3](#tab3){ref-type="table"} and [4](#tab4){ref-type="table"} summarize the study outcomes on sedentary screen behaviors. The results below provide an overview of the general characteristics and outcomes of all 18 studies.

Forty-four percent of the studies focused solely on reducing sedentary screen behaviors, with 63% of these studies having sedentary screen behavior changes as their primary dependent variable. Change in BMI was the primary dependent variable in the other 37%. Fifty-six percent of the studies focused on changing multiple health behaviors, and either had weight change as the primary dependent variable (40%) or had multiple primary dependent variables (obesity, BMI, physical activity, sedentary screen behaviors, diet, etc.) (60%). Four types of sedentary screen behavior reduction interventions were identified in this paper: (1) sedentary screen behavior reduction interventions using behavior modification components (*n* = 9); (2) sedentary screen behavior reduction interventions with behavioral modification plus optional use of an electronic TV monitoring device (*n* = 5); (3) sedentary screen behavior reduction interventions that used behavioral modification and mandatory use of an electronic device that limited screen time (*n* = 1); (4) sedentary screen behavior reduction interventions with behavior modification plus contingent TV (i.e., access to TV was based upon completing certain tasks or exercising for a certain amount of time) (*n* = 3).

While the majority (61%) of these behavior change intervention strategies were theoretically based, 39% of reviewed studies did not report the theory upon which they were based \[[@B51], [@B52], [@B54], [@B55], [@B53], [@B56], [@B57]\]. Of all the studies, 27% of intervention strategies were based on social cognitive theory \[[@B49], [@B58], [@B60], [@B61], [@B59]\], 11% were grounded on both social cognitive and behavioral choice theory \[[@B48], [@B62]\], 11% were based on reinforcement theory \[[@B63], [@B64]\], one (6%) was based on behavioral choice theory \[[@B50]\], and one (6%) was based on the transtheoretical model \[[@B65]\].

The ages of the children included in these studies ranged from 1 to 12 years. Eighty-three percent of the studies targeted children between the ages of 6 and 12 years \[[@B48]--[@B50], [@B58], [@B60]--[@B55], [@B53]--[@B64]\], with 72% targeting children between the ages of 8 and 12 years \[[@B48]--[@B50], [@B61]--[@B55], [@B53]--[@B64]\]. Two studies (11%) included children aged 1 to 5 years exclusively \[[@B51], [@B65]\], and one study (6%) included children aged 4 to 7 years \[[@B52]\]. Eighty-eight percent of the studies included both male and female participants. One study (6%) included only males \[[@B54]\], and one study (6%) included only females \[[@B61]\]. Sample sizes ranged from 10 to 1323 participants. Study durations ranged from 1 to 24 months.

The majority (55%) of the interventions were delivered through research centers (i.e., universities, physicians clinic, medical centers) \[[@B50], [@B58]--[@B60], [@B54], [@B55], [@B53], [@B56], [@B63], [@B64]\], or through schools or preschools (27%) \[[@B48], [@B49], [@B51], [@B59], [@B62]\]. One study (6%) was delivered through the federally funded health and nutrition program for women, infants, and children (WIC) \[[@B65]\], one study (6%) delivered a multilevel program (family, community, and school) \[[@B57]\], and one intervention (6%) was delivered through community centers and home visits \[[@B61]\]. Most interventions (72%) focused their delivery towards both the child and the parent \[[@B49], [@B58]--[@B55], [@B53], [@B56], [@B57]--[@B64]\], some interventions (22%) focused primarily on delivering the messages to the child \[[@B48], [@B50], [@B51], [@B59]\], and one intervention (6%) focused delivery solely on the caregiver/parent \[[@B65]\].

Self-report (child only, parent only, and parent-assisted, or parent and child) of sedentary screen behaviors was the method used most frequently (89%) to assess changes in behaviors. Forty-four percent of studies relied on child (ages 8--12 years) self-report (six used recall questionnaires, two used activity log books) \[[@B48], [@B61]--[@B55], [@B59], [@B62]--[@B64]\], 17% relied on parental report (recall questionnaires) of their children\'s (ages 1--9 years) sedentary screen behaviors \[[@B51], [@B58], [@B65]\], 17% used parent-assisted report (two used recall questionnaires, one used activity log books) of the child\'s (ages 7--12 years) sedentary screen behaviors \[[@B60], [@B53], [@B56]\], and 11% used separate parent and child reports (recall questionnaires) of the child\'s (ages 8--11 years) sedentary screen behaviors \[[@B49], [@B57]\]. Two studies (11%) used an electronic device (one used the TV Allowance, one used the TV cycle microcomputer) to record screen time usage in children (ages 4--12 years) \[[@B50], [@B52]\].

3.2. Randomized Controlled Trials Focused on Only Reducing Sedentary Screen Behaviors {#sec3.2}
-------------------------------------------------------------------------------------

### 3.2.1. Interventions That Used Behavior Modification Techniques Only {#sec3.2.1}

Two studies used behavior modification techniques alone in interventions to reduce sedentary behaviors \[[@B51], [@B58]\]. A total of five different behavior modification techniques, preplanning, positive reinforcement, problem solving, stimulus control, and social support, were provided to the children in these two studies to help with reducing sedentary screen behaviors. Three behavior modification techniques were used in both of these studies: preplanning, problem solving, and stimulus control. Five behavioral modification strategies were used in one study \[[@B51]\], and Escobar-Chaves et al. \[[@B58]\] used four behavior modification techniques plus skill development training and coaching.

Both studies appeared to reduce sedentary screen time. One intervention successfully reduced TV viewing in the intervention group (−0.44 h/day, or 26%) \[[@B51]\] when compared to the control group. The other study showed a trend towards reducing total media consumption in the intervention group (−0.53 h/day or 25%) \[[@B58]\]. Results from these interventions suggest that when only sedentary screen time behaviors are targeted, behavioral modification strategies successfully reduce these behaviors.

### 3.2.2. Interventions That Used Behavioral Modification and Mandatory Use of an Electronic Device {#sec3.2.2}

One intervention used an electronic device (TV Allowance) to supplement behavior modification techniques to reduce TV viewing and computer time \[[@B52]\]. The TV Allowance turned off the TV and computer screens and did not allow them to be turned on again once the weekly preprogrammed amount of time was met \[[@B52]\]. Thus, it enforced a weekly time budget (a reduction of 10% of their baseline amount per month; up to a 50% reduction) for use of the TV and computer games. Along with the TV Allowance, three behavior modification techniques were used: goal setting, positive reinforcement, and stimulus control.

The TV Allowance and behavior modification strategies reduced sedentary screen time by 2.5 h/day, or 72% from baseline \[[@B52]\]. Combining technology with behavior modification techniques substantially reduced sedentary screen time.

### 3.2.3. Interventions That Used Behavioral Modification Plus Optional Use of an Electronic TV Monitoring Device {#sec3.2.3}

Five studies combined the use of an optional electronic TV monitoring device (i.e., TV Allowances or Token TV) with behavioral modification strategies \[[@B49], [@B60]--[@B55]\]. While the electronic TV monitoring devices were attached to participants\' TVs, they were not a mandatory part of the intervention treatment. Besides setting limits, these devices can help participants to self-monitor TV watching \[[@B66]\]. In addition to the optional use of the electronic TV monitoring device provided to the families in each of these studies, a total of seven different behavior modification techniques were used to help the children reduce their sedentary screen behaviors, including: goal setting, modeling, preplanning, problem solving, stimulus control, self-monitoring, and social support. The three most frequently used behavior modification techniques used in these interventions were goal setting, self-monitoring, and stimulus control. An average of four behavior modification strategies were incorporated into these studies, with three studies using five \[[@B49], [@B61], [@B55]\], one study using four \[[@B54]\], and one study using three behavior modification techniques \[[@B60]\].

Two of the five studies reported significant reductions in sedentary screen time \[[@B49], [@B54]\]. One of the five TV reduction interventions that augmented their behavioral modification techniques with the electronic TV monitoring device reported significant reductions in TV viewing from baseline \[[@B54]\]. In this study, participants in the experimental group experienced a significant reduction in electronic media of 1.2 h/day or 47% after 10 weeks and maintained this reduction at 20 weeks (reduction of 1.18 h/day or 46%) \[[@B54]\]. One study reported a significant reduction in TV viewing compared to the control children \[[@B49]\]. In these studies, the magnitude of the significant TV viewing reductions varied from 0.5 h/day or 0.94 h/day \[[@B49]\] to 1.2 h/day \[[@B54]\], or from 7% or 43% \[[@B49]\] to 47% \[[@B54]\] from baseline levels.

Three studies showed no significant decreases in sedentary behaviors \[[@B60], [@B61], [@B55]\]. One of these studies showed a trend towards a reduction in media use in an intervention that received a 5--10 minute counseling session about the problems with excessive media use, along with the TV device and behavior modification training in goal setting, self-monitoring, and stimulus control \[[@B60]\]. In another study \[[@B61]\], although not significant, the treatment group children reduced TV media use by 0.41 h/day in comparison to an increase of 0.10 h/day in the control group. In the third study that did not reach significance \[[@B55]\], the treatment group decreased TV viewing by 0.60 h/day and the control group\'s daily TV viewing did not change (−0.01 h/day). The three studies that did not significantly reduce media use used a similar number of behavior modification strategies, but they were shorter in duration than the two that did reduce media use.

These studies indicate that behavior modification strategies combined with an optional electronic TV monitoring device may create reductions in sedentary screen time. However, the investigations did not report on the frequency of use for the electronic TV monitoring devices; thus it is not clear how much the devices influenced the outcomes in these investigations.

3.3. Randomized Controlled Trials Focused on Multiple Behaviors with a Sedentary Screen Behaviors Component {#sec3.3}
-----------------------------------------------------------------------------------------------------------

### 3.3.1. Interventions Using Behavior Modification Techniques Only {#sec3.3.1}

Seven interventions focused on changing multiple behaviors related to energy balance (i.e., increasing physical activity, decreasing sedentary screen time, reducing sugar sweetened beverages, and increasing fruit and vegetable intake) \[[@B48], [@B65]--[@B62]\] through the use of behavior modification alone. Of these seven multiple behavior interventions, two did not report whether different behavior strategies were applied to each behavior \[[@B48], [@B65]\], three used all the behavior modification strategies equally to affect all behaviors of interest \[[@B53], [@B59], [@B57]\], and two studies applied different behaviors modification techniques\' to specific behaviors \[[@B56], [@B62]\].

Of the two studies that used different techniques for different behaviors, Salmon et al. \[[@B62]\] used behavioral contracts, goal setting, preplanning, problem solving, self-monitoring, stimulus control, and positive reinforcement for reducing sedentary screen behaviors. The behavior modification strategies used for increasing physical activity included: self-monitoring, preplanning, and problem solving. Epstein et al. \[[@B56]\] compared two different methods to reduce sedentary screen behaviors. One group was reinforced for reducing their sedentary screen behaviors and used behavioral contracts, goal setting, self-monitoring, and positive reinforcement for reducing sedentary behaviors. The other group received training in goal setting and self-monitoring and used stimulus control to reduce sedentary screen behaviors. Both groups used the following behavior modification techniques to help change their diet: goal setting, preplanning, positive reinforcement, and self-monitoring \[[@B56]\].

A total of nine different behavior modification techniques were provided to the children in these studies to help with reducing sedentary screen behaviors and included: behavioral contracts, goal setting, pre-planning, positive reinforcement, problem solving, relapse prevention, stimulus control, self-monitoring, and social support. The most frequently used behavior modification techniques were goal setting, positive reinforcement, preplanning, problem solving, and self-monitoring. The average number of behavior modification techniques used in these studies was five. Two studies used a total of seven behavioral modification strategies \[[@B59], [@B62]\], and there were three other studies that used four or more strategies \[[@B53], [@B56], [@B57]\]. One study did not report the behavior modification techniques they used \[[@B48]\], and another study did not specify what behavior modification techniques were used towards what health behaviors \[[@B65]\].

Three of the seven studies showed significant reductions in sedentary screen time \[[@B48], [@B53], [@B56]\]. One of the seven interventions was successful in reducing sedentary screen behaviors in the intervention group (−0.7 h/day or −19% in males, and −0.7 h/day or −23% in females) compared to the control group (−0.35 h/day or −9.3% in males, and −0.11 h/day or −3.6% in females) \[[@B48]\]. Two of the seven interventions reported significant reductions (−2.2% to −20%, resp.) in targeted sedentary behaviors from baseline in their intervention groups \[[@B53], [@B56]\]. Epstein et al. \[[@B53]\] observed a significant decrease in targeted sedentary behaviors in both the low- and high-dose treatment groups for the decrease sedentary activity at 6 months (−15% and −20%, resp.). The low (10 h/wk) and high (20 h/wk) doses for decreases in sedentary behavior differed in the degree of behavior change required. At the 24-month followup, the high dose decrease in sedentary-behavior group sustained the reduction better than the low-dose decrease in sedentary behavior group (−12% and −0.6%, resp.). In another study \[[@B56]\], obese children significantly and equally decreased sedentary behaviors (−2.2%) when receiving treatment that involved either stimulus control or reinforcement to reduce sedentary screen behaviors. Among these three studies, the magnitude of the significant TV viewing reductions varied from −2.2% \[[@B56]\] to −23% \[[@B48]\] from baseline levels.

Four studies showed no decreases in sedentary behaviors \[[@B65], [@B59]--[@B62]\]. One study targeting parents showed that children in the intervention group watched half as much TV post intervention as children whose parents were in the control group \[[@B65]\]. One study showed no significant change in screen time in intervention schools \[[@B59]\]. According to another study, there were no changes in sedentary behaviors immediately after intervention or at the 6-month followup in either group \[[@B57]\]. A final study showed that the children who were in the behavioral modification treatment group reported greater TV viewing at every assessment point, compared with controls \[[@B62]\]. There did not appear to be any relationship between the number of behavior modification strategies used and the degree of reduction success.

Although some studies were successful at reducing sedentary screen behaviors among children, the reductions were highly variable. Also, the majority of studies did not find significant reductions in sedentary screen time. It is important to note that none of these studies had reducing sedentary screen time as the only primary dependent variable. Sixty-seven percent of these studies had changes in weight as the primary dependent variable, with changes in sedentary screen behaviors, physical activity, and diet as secondary dependent variables. The remaining 33% of these studies had multiple primary dependent variables (e.g., food and beverage consumption, physical activity, TV, sedentary screen time BMI, weight).

### 3.3.2. Interventions That Used Behavior Modification Plus Contingent TV {#sec3.3.2}

Contingent TV (where TV viewing is contingent upon performing certain tasks) has been used in three studies, in addition to behavior modification techniques, as a strategy to help reduce the amount of time children spend watching TV \[[@B50], [@B63], [@B64]\]. In these studies, children\'s targeted behaviors were rewarded by gaining access to TV, based upon completing certain tasks or for exercising for a certain amount of time \[[@B50], [@B63], [@B64]\]. One of the initial contingent TV studies \[[@B50]\] provided immediate access to TV viewing by having the child ride a stationary exercise bike attached to the TV (closed-loop system). The children could not watch TV unless they were pedaling the bike. This closed-loop system does not require any action by, or interaction with, another human. The system itself is set up to directly sense the output from the subject and then deliver the appropriate intervention or reinforcer \[[@B67]\]. More recent studies \[[@B63], [@B64]\] have used an open-loop system. In these studies, the open-loop system provides children the freedom to choose when they use the TV time they have earned as a result of performing a certain amount of physical activity \[[@B63], [@B64]\]. In addition to contingent TV, a total of four different behavior modification techniques were used to help the children reduce their sedentary screen behaviors: goal setting, positive reinforcement, problem solving, and self-monitoring. Positive reinforcement, with TV viewing serving as the reward, was the most frequently used behavior modification technique, followed by goal setting and self-monitoring. On average three behavior modification strategies were incorporated into the treatments of each of these studies. One study used four \[[@B63]\], one study used three \[[@B64]\], and one study used one behavior modification strategy \[[@B50]\].

Two contingent TV interventions reported significant reductions in TV viewing, which varied from 1.9 h/day \[[@B64]\] to 3.1 h/day \[[@B50]\], corresponding to a 72% \[[@B64]\] to 95% \[[@B50]\] reduction. In the third study, although the treatment group reduced TV viewing by 0.33 h/day, and the control group increased TV by 0.22 h/day, there was no significant difference in the changes between groups \[[@B63]\]. A contingent TV setup combined with behavior modification appeared to be a highly effective method to reduce TV viewing during the intervention.

4. Discussion {#sec4}
=============

This paper demonstrates that various strategies can successfully reduce sedentary screen behaviors in children. Every identified study used behavior modification techniques. Thus, regardless of what theoretical framework was used for reducing sedentary screen behaviors, behavior modification strategies were always included in the intervention. The number of behavior modification strategies used to reduce sedentary screen behaviors varied from one to seven across these 18 studies. The more an intervention depended solely on behavior modification strategies to change sedentary screen behaviors, the greater the number of behavior modification strategies used. The behavior modification strategies cited most frequently were goal setting (78% of studies) and self-monitoring (67% of studies) of progress towards reducing sedentary screen behaviors. Preplanning, problem solving, and positive reinforcement were three additional behavior modification strategies used frequently. The nine studies that incorporated other methods (electronic TV monitoring devices or contingent TV devices) to elicit a reduction in sedentary screen behaviors used fewer behavior modification techniques. While the interventions that used electronic devices and contingent TV were the most effective in decreasing TV viewing time, these studies were shorter in duration and had smaller sample sizes. Slightly more than half of the studies focused on changing multiple behaviors. Most of these studies applied all the behavior modification strategies to all behaviors. A key challenge in reviewing the results of interventions that used multiple behavior modification techniques, even when only one behavior was being intervened upon, was to document and track the extent to which children utilized the specific behavior modification technique(s) that were provided and determine which technique(s) were most effective at creating behavior changes \[[@B57]\].

Individuals typically do not change their activities or behaviors when they are simply told to do so \[[@B68]\]. Interventions to reduce sedentary screen behaviors have used a number of theories and strategies for behavior change. Most studies reported having a theoretical foundation. Two of the key theoretical approaches, social cognitive theory \[[@B69]\] and behavioral choice theory \[[@B70], [@B71]\], were used in 44% of the studies. These theories share the belief that behaviors may be learned from observing others and that changes in behaviors may be mediated or moderated by a number of individual, social, and environmental factors. Several other studies were based on the reinforcement theory known as the Premack principle \[[@B67]\]. These interventions used the reinforcing value of a popular, highly rated behavior such as watching TV to increase physical activity and reduce sedentary screen behavior by making TV contingent on physical activity. The stages of change theory, that is, the transtheoretical models\' stages of change \[[@B72]\] were used in one study to assess the caregiver\'s readiness to act on new health behaviors as it related to their child. Caregivers were guided thru the stages so that they might engage in strategies that would assist their child in making changes.

As a whole, most of the studies were conducted with preadolescent children, with the ages of 8 to 12 years the most highly represented. Slightly more than half of the studies were conducted in research settings, and over 70% of the interventions were delivered to both the children and the parents. Thus, it is not clear how effective these interventions are for adolescents, if targeting the parent alone in children aged 1 to 12, or delivery of the intervention from nonresearch settings would improve these outcomes.

Interestingly, two interventions which demonstrated negative results and showed an increase in sedentary screen behaviors \[[@B57], [@B62]\] targeted children in the oldest age group (8--12 years), focused on changing multiple health-related behaviors, and relied on behavior modification techniques alone, and although they made efforts to engage parents, there was no requirement for or assessment of actual parental engagement.

Additionally, one of the studies that showed negative outcomes was a multilevel intervention that was delivered through community media campaigns, mass mailings of newsletters to parents, and an optionally incorporated school curriculum \[[@B57]\]. The large-scale delivery of multiple health behavior messages may have diluted the message of reducing sedentary screen behaviors \[[@B57]\]. The other intervention that had an undesirable effect was a school-based program designed to reduce sedentary screen behaviors and increase physical activity. Parental involvement was solicited through a newsletter \[[@B62]\].

Another important difference between the investigations was methods used to assess sedentary screen behavior. Most investigations relied on self-report for assessing sedentary screen behaviors. Self-report (child only, parent only, and parent-assisted, or parent and child) of sedentary screen behaviors was the method used most frequently (89%) to measure changes. In 44% of the studies, the children were considered responsible/old enough (ages 8--12 years) to report themselves, and 45% used some form of parental, parent and child, or parent-assisted report. In general, studies assessing sedentary screen behaviors in younger children were more likely to rely on parental report or parent-assisted child report. Use of self-report surveys reduces researcher and participant burden because it is easy, less expensive, and less invasive or intrusive than placing an electronic monitoring device on all screen devices in the home. Although self-report and parental-report measures of sedentary screen behavior are commonly used, research regarding their validity and reliability is lacking \[[@B73]\]. The validity and the sensitivity of the different questionnaires to detect change in television viewing habits may vary by the age of the child and whether the parent or the child does the reporting \[[@B51]\]. Measuring sedentary screen behaviors via self-report is prone to reporting and measurement bias \[[@B55]\]. In households where TV provides background noise to daily activities, parent or child perceptions of "watching time" could be different \[[@B74]\]. In intervention studies focused on reducing TV viewing, the perception of TV being a negative behavior could cause an underreporting of viewing \[[@B74]\].

TV time monitors that can provide objective measures of viewing time may be suitable for some interventions \[[@B52]\], but using objective measurement methods may limit the number of sedentary screen behaviors capable of being monitored. Objective measures of TV watching were used less frequently (11%) than self-report and were used in studies with smaller sample sizes (*N* = 10 and *N* = 70).

The commonality in the investigations that found the largest reductions in sedentary screen time was use of electronic devices or making TV contingent on other behaviors \[[@B49], [@B50], [@B52], [@B54], [@B64]\]. To date, trials using TV time monitoring, mandatory TV devices, or contingent TV suggest reductions in TV watching of 30--90% are possible. Creating family rules that limit television viewing could have similar effects, but notable differences may exist in the child\'s perception of control when comparing the use of technology versus parental control. The behavioral engineering technology of the TV Allowance appears to simplify the modification of child television viewing. It puts the choice of when to watch television in the child\'s control, as opposed to having a rule such as no television time until homework is completed. Because the device is enforcing the TV limits, it may also eliminate conflicts between parents and children and reduce the need for disciplinary action if a child exceeds his/her TV viewing time limit \[[@B52]\]. However, there are some important factors to consider with these types of interventions, and further robust investigation of the long-term effectiveness and sustainability of electronic TV time monitors is necessary \[[@B55]\]. In regards to the devices that limited the hours of TV watching, it is not clear whether, or for how long, a reduction in TV watching will remain when these devices are removed.

In reference to contingent TV studies, using TV as a reward for physical activity seems problematic and counterintuitive if reducing sedentary screen behavior is the goal. Using something (i.e., TV) as a reward may contribute to the increased liking of it and actually increase its reinforcing value \[[@B75]\]. Rewarded behaviors are likely to be repeated, but there is little evidence that these techniques promote long-term behavior change \[[@B76]\]. Furthermore, there seems to be no positive outcome for promoting TV watching, so making this more reinforcing may create additional problems in the future. Also it is unknown whether the reduction in sedentary screen behaviors could have occurred without linking TV viewing to physical activity. Longer follow-up periods are needed for studies that involved contingent TV and mandatory use of an electronic TV monitoring device. Only four of the 18 interventions reevaluated the magnitude of sedentary screen behavior changes in the follow-up period after the intervention had been completed. Without follow-up data, the long-term sustainability of reduced sedentary screen behaviors remains questionable.

Limitations in intervention design, implementation, research design, effect moderation, target outcome, and measurement issues are all variables that could impact the success of behavior modification interventions. Very few studies reported on the fidelity of intervention delivery or receipt making it challenging to ascertain the validity of behavioral outcomes reported. These issues may compromise the internal validity of an intervention. Thus, the lack of information on fidelity of intervention delivery, and/or receipt, and the variations among studies make comparing study efficacy challenging. Additionally, many different assessment tools were used in these studies to document changes in sedentary screen behaviors. Most specifically, the difference between self-report versus objective measures makes comparing outcomes between the studies challenging. Finally, several of the studies included in this paper had small sample sizes, which potentially minimized power to find significant outcomes, and/or were of short duration, with minimal followup.

While reducing sedentary screen behaviors may have a positive impact on improving the health of children, this paper highlights the need for future research in this area. Interventions to reduce sedentary screen time need to be explored further with different age groups (children less than 6 years old, teenagers, and adults) and in various different delivery settings (pediatrician offices, schools, after-school programs, communities, etc.). As new screen options continuously emerge (smart phones, ipads, etc.), it will be necessary to conduct comprehensive research that targets these other sedentary screen options. It is imperative that reliable and valid measurements of screen behaviors are developed and that measure all important sedentary screen time options. Finally, as screen-based behaviors appear to play a more prominent role in American\'s leisure time, reducing sedentary screen time alone may not be enough. Research needs to investigate ways to make sedentary screen behaviors more active.

In summary, interventions with an emphasis on reducing sedentary screen behaviors have been successful in preadolescent children. The magnitude of the significant sedentary screen behavior reductions varied greatly (−0.44 h/day to −3.1 h/day). Importantly, the most effective interventions for reducing sedentary screen behaviors in children focused exclusively on sedentary screen behaviors or involved tools beyond the use of behavior modification techniques. Results from these interventions also suggest that behavioral modification strategies alone may be less effective at reducing sedentary screen behaviors when sedentary screen behaviors are one of multiple health-related behaviors of interest and when sedentary screen behaviors are not the primary outcome of interest. Focusing on multiple health behaviors at once may dilute the outcomes of specific health behaviors. In several of the studies that targeted multiple health-related behaviors, sedentary screen behaviors increased or were not affected at all. Based on the results of this paper, there is a need for future research to better understand methods to more effectively reduce sedentary screen time in children.

![SSB: sedentary screen behavior; B Mod: behavior modification techniques.](JOBES2012-379215.001){#fig1}

###### 

Characteristics of randomized controlled trials focused on only reducing sedentary screen behaviors organized by method of reduction and age of children (*N* = 8).

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Source                                                                                                    *N*, age (y), % girls   Delivery location, delivery target, duration                        Treatment groups                                                             Target behaviors and SSB goal(s)                                                                             Theoretical perspective, strategy to change SSB                                                                                                     Measure of SSB outcomes
  --------------------------------------------------------------------------------------------------------- ----------------------- ------------------------------------------------------------------- ---------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------
  *Interventions using behavior modification techniques only*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Dennison et al. 2004 \[[@B51]\]                                                                           \(i\) 77\               \(i\) Preschool/day care\                                           \(1\) Modified curriculum (↓ TV)\                                            \(i\) ↓ TV and video\                                                                                        \(i\) Not reported\                                                                                                                                 Self-report: parent report (recall)
                                                                                                            (ii) 2.5--5.5\          (ii) Child focused\                                                 (2) Modified curriculum (health and safety)                                  (ii) Mealtime TV turn off, wk without TV (1)                                                                 (ii) 4 B Mods: (preplan, + reinforcement, prob solve, stim control) (1)                                                                             
                                                                                                            (iii) 50%               (iii) 7 sessions, 12 mos                                                                                                                                                                                                                                                                                                                                                                                          

  Escobar-Chaves et al. 2010 \[[@B58]\]                                                                     \(i\) 202\              \(i\) Multispecialty medical practice\                              \(1\) Parent and child activities\                                           \(i\) TV and other media (DVD, video, handheld games, and computer)\                                         \(i\) Social cognitive theory\                                                                                                                      Self-report: parent report (recall)
                                                                                                            (ii) 6--9\              (ii) Child and parent focused\                                      (2) No treatment control                                                     (ii) ↓ TV (turn TV off if not watching, no TV at meals, no TV in bedrooms)                                   (ii) 4 B Mods: (preplan, prob solve, social support, stim control); skill dev training and coaching (1)                                             
                                                                                                            (iii) 48.5%             (iii) 2-h workshop and 6 newsletters, 6 mos                                                                                                                                                                                                                                                                                                                                                                       

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  *Interventions using behavior modification techniques plus a mandatory electronic TV monitoring device*                                                                                                                                                                                                                                                                                                                                                                                                                                             

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Epstein et al. 2008 \[[@B52]\]                                                                            \(i\) 70\               \(i\) University children\'s hospital\                              \(1\) TV device and monthly newsletter\                                      \(i\) TV and computer\                                                                                       \(i\) Not reported\                                                                                                                                 Electronic: TV Allowance
                                                                                                            (ii) 4--7\              (ii) Child and parent focused\                                      (2) Normal access to TV and computers                                        (ii) ↓ TV by 50%                                                                                             (ii) 3 B Mods: (goal set, + reinforcement, stim control); TV device (1)                                                                             
                                                                                                            (iii) 47%               (iii) 6 meetings (1/mos), 18 newsletters (1/mos), 24 mos                                                                                                                                                                                                                                                                                                                                                          

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  *Interventions using behavior modification techniques plus an optional electronic TV monitoring device*                                                                                                                                                                                                                                                                                                                                                                                                                                             

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Ford et al. 2002 \[[@B60]\]                                                                               \(i\) 28\               \(i\) Urban community primary care clinic\                          \(1\) Counseling and education, plusTV device\                               \(i\) TV, videotape, and video games\                                                                        \(i\) Social cognitive theory\                                                                                                                      Self-report: parent aided child report (recall)
                                                                                                            (ii) 7--12\             (ii) Child and parent focused\                                      (2) Counseling and education                                                 (ii) TV budget                                                                                               (ii) 3 B Mods: (goal set, stim control, self-monitor); optional TV device (1)                                                                       
                                                                                                            (iii) 53.6%             (iii) Single session, 1 mos                                                                                                                                                                                                                                                                                                                                                                                       

  Robinson 1999 \[[@B49]\]                                                                                  \(i\) 92\               \(i\) Elementary school\                                            \(1\) Modified curriculum\                                                   \(i\) TV, videotape, and video games\                                                                        \(i\) Social cognitive theory\                                                                                                                      Self-report: parent and child report (recall)
                                                                                                            (ii) 8--10\             (ii) Child and parent focused\                                      (2) Usual school curriculum                                                  (ii) 10 day TV turnoff, ↓ SSB 7 h/wk                                                                         (ii) 5 B Mods: (goal set, preplan, stim control, self-monitor, social support); optional TV device (1)                                              
                                                                                                            (iii) 46.7%             (iii) 18 sessions, 7 mos                                                                                                                                                                                                                                                                                                                                                                                          

  Robinson et al. 2003 \[[@B61]\]                                                                           \(i\) 61\               \(i\) Community centers and home visits\                            \(1\) After school dance, home- based behavioral treatment, and TV device\   \(i\) TV, videotape, and video games\                                                                        \(i\) Social cognitive theory\                                                                                                                      Self-report: child report (recall)
                                                                                                            (ii) 8--10\             (ii) Child and parent focused\                                      (2) Information-based health education                                       (ii) ↓ TV (2-wk TV-turnoff)                                                                                  (ii) 5 B Mods: (goal set, modeling, stim control, self-monitor, social support); optional TV device (1)                                             
                                                                                                            (iii) 100%              (iii) 60 dance classes, 5 in home lessons, 5 newsletters, 3 mos                                                                                                                                                                                                                                                                                                                                                   

  Todd et al. 2008 \[[@B54]\]                                                                               \(i\) 21\               \(i\) University research unit\                                     \(1\) Seminar on ↓ media use\                                                \(i\) Electronic media (TV, movies, videos, video games, and nonschool related computer and internet use)\   \(i\) Not reported\                                                                                                                                 Self-report: child report (log books)
                                                                                                            (ii) 8--11\             (ii) Child and parent focused\                                      (2) Control group                                                            (ii) ↓ ST ≤ 90 min/day                                                                                       (ii) 4 B Mods: (goal set, preplan, self-monitor, social support); optional TV device and computer software to limit computer and internet use (1)   
                                                                                                            (iii) 0%                (iii) 5 monthly meetings, 3 newsletters, and weekly phone contact                                                                                                                                                                                                                                                                                                                                                 

  Ni Mhurchu et al. 2009 \[[@B55]\]                                                                         \(i\) 29\               \(i\) University research unit\                                     \(1\) Counseling, education, plus TV device\                                 \(i\) TV and total ST (video games, computer, and DVDs)\                                                     \(i\) Not reported\                                                                                                                                 Self-report: child report (recall)
                                                                                                            (ii) 9--11\             (ii) Child and parent focused\                                      (2) Counseling and education                                                 (ii) ↓ TV 1 h/day                                                                                            (ii) 5 B Mods: (goal set, preplan, prob solve, stim control, self-monitor); optional TV device (1)                                                  
                                                                                                            (iii) 38%               (iii) Single session, 2 mos                                                                                                                                                                                                                                                                                                                                                                                       
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*N*: number of participants randomized to conditions; y: years; SSB: sedentary screen behaviors; B: behavior; mos: months; wk: week; numbers in the ( ) in column 5 and 6: treatment groups; B Mods: behavior modification techniques; plan: planning; +: positive; prob solve: problem solving; stim: stimulus; h: hour; dev: development; set: setting; monitor: monitoring; ST: screen time; min: minutes.

###### 

Characteristics of randomized controlled trials focused on multiple behaviors with a sedentary screen behaviors reduction component organized by method of reduction and age of children (*N* = 10).

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Source                                                                        *N*, age (y), % girls   Delivery location, delivery target, duration                       Treatment groups                                                                                            Target behaviors and SSB goal(s)                                                       Theoretical perspective, strategy to change SSB                                                                                       Measure of SSB outcomes
  ----------------------------------------------------------------------------- ----------------------- ------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------
  *Interventions using behavior modification techniques only*                                                                                                                                                                                                                                                                                                                                                                                                                                                       

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Whaley et al. 2010 \[[@B65]\]                                                 \(i\) 589\              \(i\) WIC program\                                                 \(1\) Enhanced WIC individual nutritional education\                                                        \(i\) Food and beverage intake, PA and TV\                                             \(i\) Stages of change theory, transtheoretical model\                                                                                Self-report: parent report (recall)
                                                                                (ii) 1--5\              (ii) Parent focused\                                               (2) Routine WIC individual nutrition education                                                              (ii) NR                                                                                (ii) 3 B Mods NR for specific B: (goal set, preplan, prob solve); motivational interviewing (1)                                       
                                                                                (iii) NR                (iii) 2 sessions, 12 mos                                                                                                                                                                                                                                                                                                                                                                                    

  Epstein et al. 2000 \[[@B53]\]                                                \(i\) 90\               \(i\) Childhood obesity research clinic\                           \(1\) ↓ SB high (20 h/wk)\                                                                                  \(i\) SB (TV, video, computer games, board games, or talking on the phone) and diet\   \(i\) NR\                                                                                                                             Self-report: parent aided child report (recall)
                                                                                (ii) 8--12\             (ii) Child and parent focused\                                     (2) ↓ SB low (10 h/wk)\                                                                                     (ii) ↓ SB 20 h/wk (1), ↓ SB 10 h/wk (2)                                                (ii) 6 B Mods for both SB and diet: (B contract goal set, preplan, + reinforcement, prob solve, self-monitor) (1, 2, 3, 4)            
                                                                                (iii) 68.4%             (iii) 20 sessions, 6 mos                                           (3) ↑ PA high (20 mi/wk)\                                                                                                                                                                                                                                                                                                                
                                                                                                                                                                           (4) ↑ PA low (10 mi/wk)                                                                                                                                                                                                                                                                                                                  

  Epstein et al. 2004 \[[@B56]\]                                                \(i\) 63\               \(i\) Childhood obesity research clinic\                           \(1\) Reinforced ↓ SSB (15 h/wk)\                                                                           \(i\) TV, VCR/DVDs, video games, or computer use not for school, and diet\             \(i\) NR\                                                                                                                             Self-report: parent aided child report (log books)
                                                                                (ii) 8--12\             (ii) Child and parent focused\                                     (2) Stim control ↓ SSB (15 h/wk)                                                                            (ii) ↓ SSB (15 h/wk) (1, 2)                                                            (ii) 4 B Mods for reinforced ↓ SSB: (B contract, goal set, + reinforcement for ↓ SSB, self-monitor);\                                 
                                                                                (iii) 61.9%             (iii) 20 sessions, 6 mos                                                                                                                                                                                                                                              (iii) 3 B Mods for stim control of SSB: (goal set, self-monitor, stim control);\                                                      
                                                                                                                                                                                                                                                                                                                                                                              (iv) 4 B Mods for diet: (goal set, preplan, + reinforcement, self-monitor)                                                            

  Harrison et al. 2006 \[[@B59]\]                                               \(i\) 312\              \(i\) Elementary school\                                           \(1\) Modified curriculum\                                                                                  \(i\) ST (TV, videotape/DVD, or computer games) and PA\                                \(i\) Social cognitive theory\                                                                                                        Self-report: child report (recall)
                                                                                (ii) 9--11\             (ii) Child focused\                                                (2) Usual health curriculum                                                                                 (ii) ↓ ST                                                                              (ii) 7 B Mods used for both ST and PA: (goal set, preplan, + reinforcement, prob solve, relapse prev, self-monitor, social support)   
                                                                                (iii) 43%               (iii) 10 lessons, 4 mos                                                                                                                                                                                                                                                                                                                                                                                     

  Gentile et al. 2009 \[[@B57]\]                                                \(i\) 1323\             \(i\) Mailings to home, community, elementary school (optional)\   \(1\) Enhanced school curriculum (optional), behavioral tools packets mailed home, community ad campaign\   \(i\) PA, ST (TV and video games), and F and V ↓\                                      \(i\) Not reported\                                                                                                                   Self-report: parent and child report (recall)
                                                                                (ii) 9--11\             (ii) Child and parent focused\                                     (2) Regular school curriculum, no materials mailed home, community ad campaign                              (ii) ST 2 h/day                                                                        (ii) 5 B Mods used for PA, ST and F and V: (goal set, preplan, + reinforcement, prob solve, self-monitor) (1)                         
                                                                                (iii) 53%               (iii) 9 mos community ad campaign, and 9 mailings, 9 mos                                                                                                                                                                                                                                                                                                                                                    

  Salmon et al. 2008 \[[@B62]\]                                                 \(i\) 311\              \(i\) Elementary school\                                           \(1\) ↓ TV through B-Mod-based curriculum\                                                                  \(i\) Rec screen B (TV, computer, and electronic games), and PA\                       \(i\) Social cognitive theory and behavioral choice theory\                                                                           Self-report: child report (recall)
                                                                                (ii) 10--11\            (ii) Child and parent focused\                                     (2) ↑ skills through modified PE curriculum\                                                                (ii) ↓ ST (switch-off one program per wk over 4 wk period)                             (ii) 7 B Mods used for ST: (B contract, goal set, preplan, prob solve, self-monitor, stim control, + reinforcement) (1, 3)\           
                                                                                (iii) 51.3%             (iii) 19 sessions, 9 mos                                           (3)  ↓ TV and ↑ skills curriculums\                                                                                                                                                                (iii) 3 B Mods used for PA: (self-monitor, preplan, prob solve)                                                                       
                                                                                                                                                                           (4) Usual class and PE curriculum                                                                                                                                                                                                                                                                                                        

  Gortmaker et al. 1999 \[[@B48]\]                                              \(i\) 1295\             \(i\) Middle school\                                               \(1\) Modified curriculum\                                                                                  \(i\) F and V intake, PA, total calories, and % calories from fat, TV\                 \(i\) Social cognitive theory, and behavioral choice theory\                                                                          Self-report: child report (recall)
                                                                                (ii) 10--12\            (ii) Child focused\                                                (2) Regular school curriculum                                                                               (ii) ↓ TV 2 h/day(1)                                                                   (ii) B Mods NR                                                                                                                        
                                                                                (iii) 48%               (iii) 32 lessons, 24 mos                                                                                                                                                                                                                                                                                                                                                                                    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  *Interventions using behavioral modification techniques plus contingent TV*                                                                                                                                                                                                                                                                                                                                                                                                                                       

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Faith et al. 2001 \[[@B50]\]                                                  \(i\) 10\               \(i\) Obesity research center\                                     \(1\) TV contingent upon cycling ergometer\                                                                 \(i\) PA and TV\                                                                       \(i\) Behavioral choice theory\                                                                                                       Electronic: microcomputer of the TV cycle
                                                                                (ii) 8--12\             (ii) Child focused\                                                (2) TV not contingent upon cycling ergometer                                                                (ii) 1 min cycling = 2 min TV (1)                                                      (ii) 1 B Mod used for TV viewing and TV-related PA: (+ reinforcement); and TV cycle (1)                                               
                                                                                (iii) 30%               (iii) 3 mos                                                                                                                                                                                                                                                                                                                                                                                                 

  Roemmich et al. 2004 \[[@B63]\]                                               \(i\) 18\               \(i\) Behavioral medicine laboratory\                              \(1\) Open-loop feedback of PA plus + reinforcement\                                                        \(i\) PA and TV, video, DVD, and video games\                                          \(i\) Reinforcement theory\                                                                                                           Self-report: child report (log book)
                                                                                (ii) 8--12\             (ii) Child and parent focused\                                     (2) No feedback, no + reinforcement                                                                         (ii) 400 activity counts = 60 min of TV (1)                                            (ii) 4 B Mods used for PA and TV: (+ reinforcement); and TV device (1); (goal set, prob solve, self-monitor) (1, 2)                   
                                                                                (iii) 38.9%             (iii) 6 wkly meetings, 6 wks                                                                                                                                                                                                                                                                                                                                                                                

  Goldfield et al. 2006 \[[@B64]\]                                              \(i\) 30\               \(i\) Children\'s hospital research institute\                     \(1\) Open-loop feedback of PA plus + reinforcement\                                                        \(i\) PA and TV, VCR/DVD, and video games\                                             \(i\) Reinforcement theory\                                                                                                           Self-report: child report (recall)
                                                                                (ii) 8--12\             (ii) Child and parent focused\                                     (2) Open-loop feedback of PA                                                                                (ii) 400 counts on pedometer = 160 min of TV (1)                                       (ii) 3 B Mods used for PA and TV: (goal set, + reinforcement, self-monitor); TV device (1)                                            
                                                                                (iii) 56.5%             (iii) Bi-wkly meetings, 2 mos                                                                                                                                                                                                                                                                                                                                                                               
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*N*: number of participants randomized to conditions; y: years; SSB: sedentary screen behaviors; B: behavior; NR: not reported; mos: months; PA: physical activity; B Mods: behavior modification techniques; set: setting; plan: planning; prob solve: problem solving; numbers in the ( ) in column 5 and 6: treatment groups, SB: sedentary behaviors; h: hours; wk: week; mi: miles; B contract: behavioral contracting; +: positive; monitor: monitoring; stim: stimulus; ST: screen time; prev: prevention; ad: advertisement; F and V: fruits and vegetables; PE: physical education, Rec screen B: recreational screen behaviors; min: minutes.

###### 

Outcomes of randomized controlled trials focused on only reducing sedentary screen behaviors organized by method of reduction and age of children (*N* = 8).

  Source                                                                                                                       Change in SSB (h/day)   \% change in SSB             
  --------------------------------------------------------------------------------------------------------- ------------------ ----------------------- ------------------ --------- ------
  *Interventions using behavior modification techniques only*                                                                                                                       
                                                                                                                                                                                    
                                                                                                                               0--12                   None               0--12     None
  Dennison et al. 2004 \[[@B51]\]                                                                           1                  −0.44\*                                    −26%\*    
  2                                                                                                         +0.23              +11%                                                 
                                                                                                            0--6               None                    0--6               None      
  Escobar-Chaves et al. 2010 \[[@B58]\]                                                                     1                  −0.53                                      −25%      
  2                                                                                                         −0.53                                      −21%                         
                                                                                                                                                                                    
  *Interventions using behavior modification techniques plus a mandatory electronic TV monitoring device*                                                                           
                                                                                                                                                                                    
                                                                                                            0--24              None                    0--24              None      
  Epstein et al. 2008 \[[@B52]\]                                                                            1                  −2.5\*                                     −72%\*    
  2                                                                                                         −0.74                                      −20%                         
                                                                                                                                                                                    
  *Interventions using behavior modification techniques plus an optional electronic TV monitoring device*                                                                           
                                                                                                                                                                                    
                                                                                                                               0-1                     None               0-1       None
  Ford et al. 2002 \[[@B60]\]                                                                               1                  −2.0                                       −26%       
  2                                                                                                         −2.0^b^            −36%^b^                                              
                                                                                                            0--6               None                    0--6               None      
  Robinson 1999 \[[@B49]\]                                                                                  1:child reported   −0.94\*                                    −43%\*     
  1:parent reported                                                                                         −0.51\*            −6.5%\*                                              
  2:chid reported                                                                                           −0.14              −28%                                                 
  2:parent reported                                                                                         −0.02              −1.0%                                                
                                                                                                                               0--3                    None               0--3      None
  Robinson et al. 2003 \[[@B61]\]                                                                           1                  −0.41                                      −15%       
  2                                                                                                         +0.10              +3.2%                                                
                                                                                                                               0--2.5                  0--5               0--2.5    0--5
  Todd et al. 2008 \[[@B54]\]                                                                               1                  −1.2^b^                 −1.18              −47%^b^   −46%
  2                                                                                                         −0.63              −1.03                   −24%               −40%      
                                                                                                                               0--2                    None               0--2      None
  Ni Mhurchu et al. 2009 \[[@B55]\]                                                                         1                  −0.60                                      −31%       
                                                                                                            2                  −0.01                   −0.8%                        

SSB: sedentary screen behaviors; h: hour; treatment group: group assignment (1: treatment group, 2: control group); mos: months; \*: significant difference between groups; ^b^: significantly different from baseline value.

###### 

Outcomes of randomized controlled trials focused on multiple behaviors with a sedentary screen behaviors reduction component organized by method of reduction and age of children (*N* = 10).

  Source                                                                                                     Change in SSB (h/day)   \% change in SSB                   
  ----------------------------------------------------------------------------- ---------------------------- ----------------------- ------------------ --------------- ---------------
  *Interventions using behavior modification techniques only*                                                                                                           
                                                                                                                                                                        
                                                                                                             0--6                    0--12              0--6            0--12
  Whaley et al. 2010 \[[@B65]\]                                                 1                             Not reported           +0.30\*             Not reported   +13%\*
  2                                                                             +0.60                        +26%                                                       
                                                                                                             0--6                    0--24              0--6            0-24
  Epstein et al. 2000 \[[@B53]\]                                                \(1\) ↓ SSB high (20 h/wk)    Not reported            Not reported      −20%^b^         −12%^b^
  \(2\) ↓ SSB low (10 h/wk)                                                     −15%^b^                      −0.6%^b^                                                   
  \(3\) ↑ PA high (20 mi/wk)                                                    −9.4%^b^                     −8.4%^b^                                                   
  \(4\) ↑ PA low (10 mi/wk)                                                     −6.5%^b^                     −11%^b^                                                    
                                                                                                             0--6                    0--12              0--6            0--12
  Epstein et al. 2004 \[[@B56]\]                                                1-stimulus control            Not reported            Not reported      −2.2%^b^         Not reported
  2-reinforced reduction                                                        −2.2%^b^                                                                                
                                                                                                             0--4                    None               0--4            None
  Harrison et al. 2006 \[[@B59]\]                                               1                            −0.61                                      −21%             
  2                                                                             −0.40                                                −13%                               
                                                                                                             0--9^a^                 0--15^a^           0--9^a^         0--15^a^
  Gentile et al. 2009 \[[@B57]\]                                                1-child reported             +0.55                   −0.11              +13%            −2.9%
  1-parentreported                                                              +0.30\*                      +0.43\*                 +10%\*             +14%\*          
  2-child reported                                                              +0.09                        −0.21                   +2.0%              −4.9%           
  2-parent reported                                                             +0.19                        +0.34                   +5.6%              +10%            
                                                                                                             0--9                    0--12              0--9            0--12
  Salmon et al. 2008 \[[@B62]\] (b-coefficients)                                1                            +0.55\*                 +0.57\*             Not reported    Not reported
  2                                                                             +0.36                        +0.34                                                      
  3                                                                             +0.33                        +0.34                                                      
                                                                                                             0--24                   None               0--24           None
  Gortmaker et al. 1999 \[[@B48]\]                                              1-male                       −0.70\*                                    −19%\*           
  1-female                                                                      −0.70\*                                              −23%\*                             
  2-male                                                                        −0.35                                                −9.3%                              
  2-female                                                                      −0.11                                                −3.6%                              
                                                                                                                                                                        
  *Interventions using behavioral modification techniques plus contingent TV*                                                                                           
                                                                                                                                                                        
                                                                                                             0--3                    None               0--3            None
  Faith et al. 2001 \[[@B50]\]                                                  1                            −3.1\*                                     −95%\*           
  2                                                                             −0.26                                                −9.1%                              
                                                                                                             0--1.5                  None               0--1.5          None
  Roemmich et al. 2004 \[[@B63]\]                                               1                            −0.33                                      Not reported     
  2                                                                             +0.22                                                                                   
                                                                                                             0--2                    None               0--2            None
  Goldfield et al. 2006 \[[@B64]\]                                              1                            −1.9\*                                     −72%\*           
  2                                                                             +0.24                                                +9.5%                              

SSB: sedentary screen behaviors; h: hour; treatment group: group assignment (1: treatment group, 2: control group); mos: months; wk: week; mi: miles, Salmon et al. 2008 \[[@B62]\]; 1: ↓ TV through behavioral modification based curriculum, 2: ↑ skills through modified physical education curriculum, 3: ↓ TV and ↑ skills curriculums); \*: significant difference between groups; ^a^: Significant difference in reported TV viewing time between parents and children; ^b:^ significantly different from baseline value.
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